Effect of heat stress on development in vitro and in vivo and on synthesis of heat shock proteins in porcine embryos.
The present study was conducted (1) to examine the effect of an acute increase in ambient temperature on the development of porcine day 6 embryos in culture and after transfer to recipient gilts, and (2) to analyze intracellular production of heat shock proteins (hsps). The viability of porcine day 6 embryos following a temporary acute elevation in ambient temperature (at 42 degrees-45.5 degrees C and for 10-180 min) was examined. Synthesis of 70 kDa hsp (hsp70) and 90 kDa hsp (hsp90) was determined by SDS-PAGE and Western blot analysis in porcine day 6 embryos subjected to heat stresses. Nonheat-stressed embryos were considered as control. Significantly higher numbers of viable nuclei were observed in treatment groups of 42 degrees C-10 min (236.6 +/- 71.4; P < 0.05) and 43 degrees C-30 min (276.8 +/- 89.4; P < 0.005) compared to control (173.9 +/- 53.9). The 42 degrees C-180 min group (158.0 +/- 27.1 microns) had a greater increase in diameter after 24 hr in culture following heat stress compared to control (82.5 +/- 47.3 microns), while heat stress with 43 degrees C for > or = 60 min, 44 degrees-44.5 degrees C for > or = 30 min, or 45 degrees-45.5 degrees C for > or = 10 min impaired their survival, as assessed by differences in number of viable nuclei. The embryos subjected to heat stresses under the conditions of 42 degrees C-180 min, 43 degrees C-10 min, 43 degrees C-30 min, 44 degrees C-10 min, or 45 degrees C-10 min developed to normal piglets after transfer to recipient gilts. Overall pregnancy rate was 75% (6/8), and farrowing rate 62.5% (5/8). Of heat-stressed embryos transferred, 59% (36/61) developed to normal piglets. Heat-stress conditions of 42 degrees C for 180 min, 43 degrees C for 30 min, 44 degrees C for 10 min, and 45 degrees C for 10 min were determined as critical with respect to the in vitro and in vivo survival of porcine embryos. Porcine day 6 embryos constitutively synthesized hsp70 even without heat stress, while hsp90 was detected only at trace level. Neither hsp70 nor hsp90 levels increased in the embryos subjected to heat stresses. In conclusion, porcine day 6 embryos could continue to develop in vivo or during in vitro culture after exposure to acute and temporary rise in temperature. However, no increase of hsp70 and hsp90 was observed in the heat-stressed porcine embryos, while hsp70 was detected in the nonheat-stressed porcine embryos. The precise mechanism of the thermotolerance was unclear.